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7KHJRDORIDQ\HQJLQHFRQWUROV\VWHPLVWRDOORZWKH
HQJLQHWRSHUIRUPDWPD[LPXPHIILFLHQF\IRUDJLYHQ
FRQGLWLRQ7KHFRPSOH[LW\RIWKLVWDVNLVSURSRUWLRQDO
WR WKH FRPSOH[LW\ RI WKH HQJLQH +LVWRULFDOO\ MHW
HQJLQHV KDYH EHHQ FRQWUROOHG E\ K\GURPHFKDQLFDO
FRQWURO V\VWHPV ZKLFK FRQVLVWHG RI VLPSOH
PHFKDQLFDO OLQNDJHV FRQWUROOHG E\ WKH SLORW $V WKH
HQJLQHV KDYH EHFRPH PRUH FRPSOH[ ZLWK PRUH
FRQWURO VLJQDOV DQG KLJKHU GHPDQGV RQ SHUIRUPDQFH
DQG IXQFWLRQDOLW\ HOHFWURQLF FRQWURO V\VWHPV KDYH
EHHQ LQWURGXFHG >@7KH PRGHUQ DHURHQJLQH XVHG
WRGD\ IRU DLUFUDIW SURSXOVLRQ KDV HYROYHG LQWR LWV
FXUUHQW IRUP RYHU WKH SDVW  \HDUV DQG &RQWURO
WHFKQRORJ\KDVSOD\HGDFULWLFDOUROHLQLPSURYLQJWKH
SHUIRUPDQFH UHOLDELOLW\ RSHUDWLQJ OLIHWLPH DQG
VDIHW\7RGD\DOOPRGHUQDHURHQJLQHVDUHFRQWUROOHG
E\)XOO$XWKRULW\'LJLWDO(OHFWURQLFFRQWURO)$'(&
V\VWHPV RU D FRPELQDWLRQ RI HOHFWURQLF DQG
K\GURPHFKDQLFDO V\VWHPV 7KH FRQWURO IXQFWLRQV
LPSOHPHQWHG LQ PDQ\ RI WKHVH V\VWHPV KDYH QRW
FKDQJHG WKDWPXFK7KHSULQFLSOHRIXVLQJRQO\ IXHO
IORZ IRU VSHHG FRQWURO DQG OLPLW WKH DPRXQW GXULQJ
WUDQVLHQWVDVLQWKHILUVWK\GURPHFKDQLFDOV\VWHPVLV

VWLOO WKH PDLQ FRQWURO VWUDWHJ\ LQ PDQ\ V\VWHPV
2WKHUFRQWURO VLJQDOVDUHRIWHQRSHQ ORRSVFKHGXOHG
RU XVHG RQO\ IRU OLPLWLQJ HQJLQH SDUDPHWHUV
,QWHUDFWLRQDPRQJWKHYDULRXVFRQWUROORRSVDUHPRVW
RIWHQQHJOHFWHG LQ WKH GHVLJQRI FRQWURO ODZDQG WKH
UHVXOWLQJ SUREOHPV DUH VROYHG E\ D ODUJH QXPEHU RI
IL[HV DQG VSHFLDO FDVHV DQGWKLV VWLOO ZRUNV
VDWLVIDFWRULO\IRUWKHHQJLQHVXVHGWRGD\>@
7KH WUHQG WRZDUGV LQFUHDVLQJO\ FRPSOH[ MHW HQJLQHV
ZLOOXQGRXEWHGO\FRQWLQXHLQRUGHUWRPHHWLQFUHDVLQJ
GHPDQGV RQ SHUIRUPDQFH IXHO FRQVXPSWLRQ DQG
IXQFWLRQDOLW\7KHLQWHUDFWLRQEHWZHHQWKHHQJLQHDQG
DLUFUDIW V\VWHPV ZLOO DOVR LQFUHDVH ZLWK PLVVLRQ
VSHFLILF FRQWURO DQG ZLWK WKH FRQWURO RI WKUXVW
GLUHFWLRQ7RXWLOL]H WKHSRWHQWLDORI WKHVHHQJLQHV LW
LV DOVR QHFHVVDU\ WR XVH PRUH DGYDQFHG FRQWURO
FRQFHSWVWKDQFRQYHQWLRQDOO\XVHGWRGD\7KHWUHQGLV
WRZDUGV FRQWURO FRQFHSWV RIWHQ UHIHUUHG WR DV µVPDUW
HQJLQHV¶ DQGWKH PXOWLYDULDEOH FRQWUROOHUV DUH PRVW
RIWHQWKHFRUHRIWKHVHDGYDQFHGFRQWUROFRQFHSWV>@
7KLVSDSHUGLVFXVV VRPH RI WKHGHYHORSPHQWVZKLFK
KDYH WDNHQ SODFH VLQFH WKH LQWURGXFWLRQ RI WXUELQH
HQJLQHDV WKHPDLQSURSXOVLRQGHYLFHRQ WKHDLUFUDIW
ZLWKUHJDUGVWRWKHFRQWUROV\VWHPV

 7KH ELUWK RI7XUELQH (QJLQH &RQWURO
6\VWHPV
7KH¶VVDZWKHHYROXWLRQRI LQGHSHQGHQWGHVLJQ
DQG GHYHORSPHQW ZRUN RQ JDV WXUELQH HQJLQHV LQ
*UHDW %ULWDLQ DQG *HUPDQ\ 6LU )UDQN :KLWWOH
SDWHQWHG KLV JDV WXUELQH HQJLQH LQ  DQG DIWHU
VHYHUDO\HDUVRIGHYHORSPHQW DYHUVLRQRI WKH VDPH
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ZDV ILUVW LQVWDOOHG RQ DQ DLUFUDIW LQ  >@ +DQV
YRQ2KDLQKDGDSDWHQWIRUKLVHQJLQHLQ*HUPDQ\LQ
 DQG WKH ILUVW IOLJKW ZLWK WKLV HQJLQH KDG WDNHQ
SODFH LQ  >@ 7KH ILUVW JDV WXUELQH HQJLQH
GHYHORSHGE\:KLWWOH >@KDGDVLPSOH WKURWWOH OHYHU
WKDW FRQWUROOHG IXHO IORZ LQWR WKH HQJLQH 7R
DFFRPPRGDWHWKHIXQFWLRQDOUHTXLUHPHQWVZKHQILWWHG
RQDLUFUDIWGHVLJQRIIXHOFRQWUROV\VWHPKDGWRWDNH
LQWR DFFRXQW HIIHFWV RI DOWLWXGH WHPSHUDWXUH DQG
IRUZDUG VSHHG >@ $W WKH VDPH WLPH FRQWLQXHG
UHTXLUHPHQWV WR LPSURYH JDV WXUELQH HQJLQH
SHUIRUPDQFH SURGXFWLRQ DQG OLIH OLPLWLQJ SURFHVVHV
KDG WKHLU LPSDFWVRQJDV WXUELQH WHFKQRORJLHV >@ ,Q
WKHVDLUFUDIWHQJLQHFRQWUROV\VWHPVZHUHEDVHG
RQK\GURPHFKDQLFDO WHFKQRORJLHV DQGZHUHFRPSOH[
DUWLIDFWV 7KH\ HQFRPSDVVHG D ODUJH QXPEHU RI
FRPSRQHQWV DQG VXEFRPSRQHQWV DQG WKH\ ZHUH
DSSOLFDWLRQVSHFLILFVXFKWKDWDFKDQJHLQWKHGHVLJQ
RI WKHHQJLQH UHTXLUHGDFKDQJH LQ WKHGHVLJQRI WKH
FRQWURO V\VWHP +\GURPHFKDQLFDO FRQWURO V\VWHPV
UHDFKHG D WHFKQRORJLFDO FHLOLQJ LQ D UHODWLYHO\ VKRUW
WLPH 7KH PDWXULW\ RI WKH WHFKQRORJ\ HQDEOHG
HQJLQHHUV WR XQGHUVWDQG DUWLFXODWH DQG PRGXODUL]H
WKH LQWHUIDFHV EHWZHHQ WKH HQJLQH DQG WKH
K\GURPHFKDQLFDO FRQWURO V\VWHP )XUWKHUPRUH
SHUIRUPDQFH LPSURYHPHQWV GHULYHG SULPDULO\ IURP
RSHUDWLRQDO H[SHULHQFH UDWKHU WKDQ IURP VFLHQWLILF RU
WHFKQRORJLFDO EUHDNWKURXJKV KDG WKHLU LPSDFWV RQ
WXUELQH WHFKQRORJ\>@ ,Q WKH PDWXUH VWDJH RI
GHYHORSPHQW UHDFKHG LQ WKHVK\GURPHFKDQLFDO
FRQWURO V\VWHPV ZHUH FKDUDFWHUL]HG E\ D UHODWLYHO\
ORZ UDWH RI WHFKQRORJLFDO FKDQJH DQG LQFUHDVLQJO\
SUHGLFWDEOH LQWHUGHSHQGHQFLHV ZLWK WKH RWKHU
FRPSRQHQWV $OWKRXJK K\GURPHFKDQLFDO FRQWURO
V\VWHPVKDGDFKLHYHGUHODWLYHO\KLJKUHOLDELOLW\ WKH\
GLVSOD\HGOLPLWDWLRQV+LJKHUWKUXVWHQJLQHVWKDWZHUH
EHLQJGHYHORSHGGXULQJWKHVZHUHFKDUDFWHUL]HG
E\ D ODUJHU QXPEHU RI SDUDPHWHUV WKDW QHHGHG
DFFXUDWHPHDVXUHPHQWDQGFRPSXWDWLRQ,QSDUWLFXODU
WKH LQFUHDVLQJ E\SDVV UDWLR LH WKH UDWLR RI PDVV
IORZ WKURXJK WKH IDQ RU E\SDVV GXFW WR WKDW WKURXJK
WKH FRUH RI WKH QHZO\ GHYHORSHG HQJLQHV SRVHG
VHYHUDO SUREOHPV IRU WKH FDOFXODWLRQ DQG FRQWURO RI
WKUXVW GXULQJ HQJLQH RSHUDWLRQ 7R DYRLG RYHUERRVW
DQG RYHUWHPSHUDWXUH PRUH IUHTXHQW DGMXVWPHQWVRI
WKH SRZHU OHYHU ZHUH UHTXLUHG DQG WUDGLWLRQDO
K\GURPHFKDQLFDO FRQWURO V\VWHPV FRXOG QRW PDQDJH
WKHVHSUREOHPV7KHFRPSOH[LW\RIWKUXVWFDOFXODWLRQV
WKH KLJK DFFXUDF\ DQGTXLFNUHVSRQVH WLPH UHTXLUHG
DQG WKH IDFW WKDW PRVW SDUDPHWHUV WXUELQH
WHPSHUDWXUH IDQ VSHHG DOWLWXGH ZHUH DYDLODEOH LQ
HOHFWURQLF IRUPWKHUHIRUH UHQGHUHGGLJLWDOHOHFWURQLFV
PRUH VXLWDEOH IRU FRQWURO V\VWHPV >@ ,Q RUGHU WR
LQWURGXFH UHGXQGDQF\ DQG HQDEOH JUHDWHU VDIHW\ LQ
RSHUDWLRQ FHUWDLQ HOHFWULF VXSHUYLVRU\ GHYLFHV DQG
OLPLWHU FRQWUROV ZHUH LQWURGXFHG 7KH VXEVHTXHQW
JURZWKRIHOHFWURQLFVDQGFRPSXWHU WHFKQRORJ\ZLWK
WKHLU HQKDQFHG UHOLDELOLW\ HQDEOHG IXOO DXWKRULW\
GLJLWDOHOHFWURQLFVWREHXVHG$KLVWRULFDOSHUVSHFWLYH
RI WKH DGYDQFHPHQW LQ FRQWURO WHFKQRORJLHV IRU
DLUFUDIWJDVWXUELQHHQJLQHVUHODWHGWRWKH86VFHQDULR
KDV EHHQ RXWOLQHG LQ >@ $ VLPSOH HQJLQH VSHHG
SRZHUOHYHUDQJOHORRSLVLOOXVWUDWHGLQ)LJXUH

3/$±3RZHU/HYHU$QJOH))±)XHO)ORZ1±5RWDWLRQDO
6SHHG09PHWHULQJYDOYH1G±1'HPDQG09G±09
GHPDQG1DFW±1DFWXDO09DFW±09DFWXDO

)LJXUH7\SLFDOHQJLQHVSHHG3RZHU/HYHU$QJOH3/$
ORRS

+\GURPHFKDQLFDO)XHO&RQWURO
7KHMHWHQJLQHZDVILUVWDGRSWHGDVDVRXUFHRIWKUXVW
LQ DLUFUDIWV LQ WKH V 6LPSOH PHFKDQLFDO IXHO
FRQWUROV FRPSULVLQJ FDPV DQG OHYHUV ZHUH XVHG LQ
UHFLSURFDWLQJHQJLQHVZKLFKFRQVWLWXWHGWKHPDMRULW\
DW WKH WLPH >@ 7KH FRQWURO UHTXLUHG E\ MHW HQJLQHV
ZDV FRPSDUDWLYHO\ FRPSOH[ DQG WKH H[LVWLQJ
WHFKQRORJ\ZDVLQDGHTXDWH(YHQLQWKHFDVHRIHDUO\
SRVWZDU WXUERMHW HQJLQHV YDULDEOHV RI IXHO IORZ RU
EOHHG YDOYH FRXOG RQO\ EH FRQWUROOHG 6XEVHTXHQWO\
DGYDQFHVLQWKHOHYHORISUHFLVLRQDQGPLQLDWXUL]DWLRQ
LQ WKH DUHDV RI PHFKDQLFV DQG RLO K\GUDXOLFV OHG WR
SURJUHVV LQ WKH FRQWURO WHFKQRORJLHV RI DLUFUDIW
HQJLQHV7LOOWKHVWKHRSHUDWLQJPHFKDQLVPIRU
HQJLQH FRQWURO PHUHO\ FRQVLVWHG RI D
K\GURPHFKDQLFDO V\VWHP WKDW FRPELQHG PHFKDQLFV
VXFKDVWKHD[LVJHDUVSULQJEHOORZVFDPJRYHUQRU
DQG YDOYH DGMXVWPHQW VFUHZV ZLWK IXHO SUHVVXUH
>@+\GURPHFKDQLFDO FRQWURO V\VWHPV FRQVLVW
SULPDULO\RIDIXHOPHWHULQJXQLWDQGDQHQJLQHVSHHG
VHQVRU 7KH IXHO PHWHULQJ XQLW PDLQWDLQV HYHQ IXHO
SUHVVXUH RQERWK HQGVRI WKH IXHO PHWHULQJ YDOYHE\
DGMXVWLQJ WKH IXHO IORZ WKURXJK WKH YDOYH 7KLV
PHWKRGRIUHJXODWLQJIXHOUHPDLQVLQXVHWRGD\HYHQ
WKRXJK WKH PDLQVWUHDP WHFKQRORJ\ KDV VKLIWHG WR
GLJLWDO HOHFWURQLF FRQWUROV (QJLQH 530 LV GHWHFWHG
WKURXJK D PHFKDQLVP LQ ZKLFK WKH FHQWULIXJDO IRUFH
RI D URWRU JRYHUQRU GLUHFWO\ FRQQHFWHG WR WKH
HQJLQHGHWHFWV WKH GLVSODFHPHQW RI WKH FDP XVLQJ D
FRPELQDWLRQRIVSULQJVDQGDGHYLFH WRPHDVXUHIXHO
SUHVVXUH:LWKDGYDQFHVLQVWHDPHQJLQHWHFKQRORJ\
D VLPSOHPHFKDQLVP IRU530GHWHFWLRQZDVDOUHDG\
SUHYDOHQW DQG ZDV HPSOR\HG LQ MHW HQJLQHV ZLWK
FKDQJHV LQ LWV PDWHULDO FRPSRVLWLRQ DQG DGGLWLRQDO
PLQLDWXUL]DWLRQ )XUWKHUPRUH D WKUHHGLPHQVLRQDO
FDP ZDV GHYHORSHG ZLWK D QRWFKHG VXUIDFH WKDW
IDFLOLWDWHG VFKHGXOHG IXHO FRQWURO DQG YDULDEOH VWDWRU
YDQH UHYROXWLRQ ,QFUHDVHG SUHFLVLRQ DQG
PLQLDWXUL]DWLRQ HQDEOHG WKH XWLOL]DWLRQ RI WKHVH
V\VWHPVLQDLUFUDIWMHWHQJLQHV+RZHYHUWKHQRWFKHG
VXUIDFH RI WKUHHGLPHQVLRQDO FDPV GLG QRW IDFLOLWDWH
WKH ILQHWXQLQJ RI WKH SUHVHW IXHO VFKHGXOH DQG
FRQWUROOLQJLWEDVHGRQH[KDXVWJDVWHPSHUDWXUHVZDV
GLIILFXOW>@

'LJLWDO(OHFWURQLF(QJLQH&RQWURO'((&
0HFKDQLFDO FRQWURO V\VWHPV ZKHQ LQWHJUDWHG ZLWK
QHZHU WXUELQH HQJLQHV VXIIHUHG IURP WKH LQKHUHQW
OLPLWDWLRQV RI WXQLQJ DQG DGMXVWPHQW EH\RQG WKHLU
SK\VLFDOGHILQHGOLPLWV7KHHOHFWURQLFVRIWZDUHEDVHG
FRQWURO WKXV RIIHUHG GLVWLQFW DGYDQWDJHV VXFK DV
(DVH RI DGMXVWPHQWV RI WUDQVLHQW VFKHGXOHVOLPLWHU
VFKHGXOHV0DJQLWXGH FKDQJHV DQG VORSH FKDQJHV LQ
VFKHGXOHV&KDQJHV LQFRQWURO ORJLFV$OO WKHVHFRXOG
EHDFFRPSOLVKHGE\FKDQJHVRIVRIWZDUHEXLOGRIWKH
HPEHGGHG FRQWUROOHU LQ WKH HOHFWURQLF V\VWHP >@
%DVHG RQ WKH UHGXQGDQF\ PDQDJHPHQW DUFKLWHFWXUH
VDIH RSHUDWLRQ HYHQ ZLWK RQH ODQH QRQRSHUDWLRQDO
FRXOGEHGHPRQVWUDWHG$WWKHVWDUWRIWKHJDVWXUELQH
HUDWKHUHKDGEHHQRQO\RQHFRQWUROYDULDEOHQDPHO\
IXHO IORZ :LWK DGYDQFHV LQ JDV WXUELQH F\FOHV DQG
WHFKQRORJLHVWKHQHHGIRUDJUHDWHUQXPEHURIFRQWURO
YDULDEOHVKDGVORZO\HYROYHGRYHUWKHGHFDGHV
7KH LQWURGXFWLRQ RI GLJLWDO HOHFWURQLFV SURJUHVVLYHO\
HQODUJHG WKH UROH LPSRUWDQFH DQG IXQFWLRQV RI WKH
HQJLQH FRQWURO V\VWHP DV ZHOO DV LWV LQWHUIDFHV ZLWK
WKH RWKHU HQJLQH FRPSRQHQWV DQG WKH DLUIUDPH 7KH
UDGLFDO7HFKQRORJLFDOVKLIWOHGWRDIXQFWLRQDOVKLIWDV
'LJLWDOHOHFWURQLFV LVDIDVWPRYLQJWHFKQRORJ\7KLV
KLJK UDWHRIDGYDQFHHQDEOHG WKHHPERGLPHQW LQ WKH
FRQWURO V\VWHP RI D ODUJH DQG LQFUHDVLQJ QXPEHU RI
IXQFWLRQDOLWLHV SUHYLRXVO\ FDUULHG RXW E\ WKH SLORW
7KH GLJLWDO FRQWURO V\VWHP EHFDPH WKH EUDLQ RI WKH
HQJLQH ,Q DGGLWLRQ GLJLWDO FRQWURO V\VWHPV
SRWHQWLDOLWLHV FUHDWHG QHZ VHWV RI WHFKQRORJLFDO
LPEDODQFHV EHWZHHQ WKH FRQWURO V\VWHP DQG WKH
HQJLQH SRZHU V\VWHP $OWKRXJK GLJLWDO FRQWURO
V\VWHPV LQWHUDFWHG ZLWK LQ IDFW FRQWUROOHG D KLJKHU
DQG HQODUJLQJ QXPEHU RI HQJLQH FRPSRQHQWV WKHVH
LQWHUGHSHQGHQFLHV ZHUH JRYHUQHG E\ WKH VR FDOOHG
LQWHUIDFH VRIWZDUH 'XH WR WKLV VRIWZDUH FRPSRQHQW
GLJLWDOFRQWUROV\VWHPVZHUHQRWDSSOLFDWLRQVSHFLILF
DQGKDUGZDUHDQGVRIWZDUHPRGXOHVFRXOGEHUHXVHG
LQ GLIIHUHQW DSSOLFDWLRQV 'LJLWDO FRQWURO V\VWHPV
WKHUHIRUH H[KLELWHG SUHGLFWDEOH SURGXFW V\VWHPLF
LQWHUGHSHQGHQFLHVVLQFHVXFKLQWHUGHSHQGHQFLHVZHUH
PDQDJHGE\WKHLQWHUIDFHVRIWZDUH>@
'((& ZDV LQLWLDOO\ WHVWHG DQG HYDOXDWHG E\ WKH
1$6$'U\GHQ)OLJKW5HVHDUFK&HQWHU IURP WR
 LQ D MRLQW HQGHDYRU ZLWK HQJLQH PDQXIDFWXUHU
3UDWW DQG:KLWQH\ WKH86$LU )RUFH DQG1$6$
V
/HZLV 5HVHDUFK &HQWHU QRZ WKH 1$6$ *OHQQ
5HVHDUFK&HQWHU>@7KH'((&ZDVGHYHORSHGIRU
WKH 3UDWW DQG :KLWQH\ ) WXUERIDQ HQJLQH EXW LWV
WHFKQRORJ\ LV QRZ LQFRUSRUDWHG RQ RWKHU HQJLQH
PRGHOV 7KH '((& UHSODFHG WKH ) WHVW HQJLQH
V
VWDQGDUGFRQWUROV\VWHPDQGKDGIXOOFRQWURODXWKRULW\
RYHUDYDULHW\RIHQJLQHIXQFWLRQV
'HYHORSPHQW RI WKH '((& LV ORRNHG XSRQ DVD
PLOHVWRQH LQ SURSXOVLRQ FRQWURO DQG D PDMRU
WUDQVLWLRQ IURP K\GUR PHFKDQLFDO WR GLJLWDO
FRQWURO%HQHILWV RI WKH V\VWHP DUH VXEVWDQWLDO DQG
LQFOXGH UHGXFHG RSHUDWLQJ DQG PDLQWHQDQFH FRVWV
SOXV PDMRU ERRVWV LQ HQJLQH SHUIRUPDQFH DQG
H[WHQGHGHQJLQHOLIH>@

 )XOO $XWKRULW\ 'LJLWDO (OHFWURQLF &RQWURO
)$'(&
)XOO DXWKRULW\ GLJLWDO HQJLQHFRQWURO )$'(&LV D
V\VWHP FRQVLVWLQJ RI D GLJLWDO FRPSXWHU FDOOHG
DQHOHFWURQLF HQJLQH FRQWUROOHU((& RU HQJLQH
FRQWURO XQLW (&8 DQG LWV UHODWHG DFFHVVRULHV WKDW
FRQWURO DOO DVSHFWV RI DLUFUDIW HQJLQH SHUIRUPDQFH
)$'(&VKDYHEHHQSURGXFHGIRUERWKSLVWRQDQGMHW
HQJLQHV7UXH IXOO DXWKRULW\ GLJLWDO HQJLQH FRQWUROV
KDYH QR IRUP RI PDQXDO RYHUULGH DYDLODEOH SODFLQJ
IXOO DXWKRULW\ RYHU WKH RSHUDWLQJ SDUDPHWHUV RI WKH
HQJLQH LQ WKH KDQGV RI WKH FRPSXWHU ,I D WRWDO
)$'(&IDLOXUHRFFXUVWKHHQJLQHIDLOV,IWKHHQJLQH
LV FRQWUROOHG GLJLWDOO\ DQG HOHFWURQLFDOO\ EXW DOORZV
IRUPDQXDORYHUULGHLWLVFRQVLGHUHGVROHO\DQ((&RU
(&8$Q((&WKRXJKDFRPSRQHQWRID)$'(&LV
QRWE\LWVHOI)$'(&:KHQVWDQGLQJDORQHWKH((&
PDNHV DOO RI WKH GHFLVLRQV XQWLO WKH SLORW ZLVKHV WR
LQWHUYHQH
)$'(&ZRUNVE\ UHFHLYLQJPXOWLSOH LQSXWYDULDEOHV
RI WKH FXUUHQW IOLJKW FRQGLWLRQ LQFOXGLQJ DLU GHQVLW\
WKURWWOH OHYHU SRVLWLRQ HQJLQH WHPSHUDWXUHV HQJLQH
SUHVVXUHVDQGPDQ\RWKHUSDUDPHWHUV7KHLQSXWVDUH
UHFHLYHGE\WKH((&DQGDQDO\]HGXSWRWLPHVSHU
VHFRQG (QJLQH RSHUDWLQJ SDUDPHWHUV VXFK DV IXHO
IORZ VWDWRU YDQH SRVLWLRQ EOHHG YDOYH SRVLWLRQ DQG
RWKHUV DUH FRPSXWHG IURP WKLV GDWD DQG DSSOLHG DV
DSSURSULDWH)$'(&DOVRFRQWUROVHQJLQHVWDUWLQJDQG
UHVWDUWLQJ7KH)$'(&
VEDVLFSXUSRVH LV WRSURYLGH
RSWLPXP HQJLQH HIILFLHQF\ IRU D JLYHQ IOLJKW
FRQGLWLRQ )$'(& QRW RQO\ SURYLGHV IRU HIILFLHQW
HQJLQH RSHUDWLRQ LW DOVR DOORZV WKH PDQXIDFWXUHU WR
SURJUDPHQJLQHOLPLWDWLRQVDQGUHFHLYHHQJLQHKHDOWK
DQG PDLQWHQDQFH UHSRUWV )RU H[DPSOH WR DYRLG
H[FHHGLQJD FHUWDLQHQJLQH WHPSHUDWXUH WKH)$'(&
FDQ EH SURJUDPPHG WR DXWRPDWLFDOO\ WDNH WKH
QHFHVVDU\PHDVXUHVZLWKRXWSLORWLQWHUYHQWLRQ
:LWK WKHRSHUDWLRQRI WKHHQJLQHVVRKHDYLO\ UHO\LQJ
RQDXWRPDWLRQVDIHW\LVDJUHDWFRQFHUQ5HGXQGDQF\
LV SURYLGHG LQ WKH IRUP RI WZR RU PRUH VHSDUDWH
LGHQWLFDO
DOOHQJLQ
PRQLWRUV
VXEV\VWHP
IDXOW WROH
LQ RSHUD
HIILFLHQF\
HPHUJHQF
EXWOLPLWD
QRPHDQV
$GY
:LWK WKH
6\QWKHVLV
,VRODWLRQ
WKHUH ZD
HQJLQHFR
JUHZVLJQ
RI WHFKQ
1$6$SU
UHVHDUFK
KRZ WR D
FRQWUROD
DQGSHUIR
DQG DFWX
WKXV SURY
UHVHDUFK
WHFKQRORJ
LQFRUSRUD
LQ WKH )$
HQJLQH F
SHUIRUPD
QRW EH
SHUIRUPD
HPHUJH
LQYHVWLJD
HQDEOHG
DYLDWLRQ
FRQWURO
FKDOOHQJL
HQYLURQP
DFFRPSOL
GHVFULEHG

,QWHJ
,Q WKH P
PLOLWDU\I
DLUFUDIW
VXFK DV V
DQGKLJK
IOLJKWSUR
RUGHU WR
UHDVRQDE
7KH PDM
LQWHJUDWHG
 FHQW
GLJLWDOFKDQQ
HIXQFWLRQVZ
D YDULHW\ RI
VDQGUHODWHG
UDQWHQJLQHF
WLRQ DUH FR
 0D[LPXP
\VLWXDWLRQVL
WLRQVFDQ¶WE
RIPDQXDOO\
DQFHG(QJLQ
 VXFFHVV RI WK
 09&6
DQG $FFRP
V UHQHZHG LQ
QWURO WHFKQRO
LILFDQWO\GXU
RORJ\ GHYHOR
RJUDPVDQGL
SURJUDPV 7
SSO\ HPHUJLQ
SSURDFKHVWR
UPDQFHIRUH
DWRUV RQ WKH
LGLQJ DQ RSS
 7KH FRQWLQX
\ DOVR RS
WLQJPRUHFR
'(&V 7KH
RPSRQHQWV
QFH WKURXJKR
FRQVWUDLQHG
QFH DW RWKHU
7KHUH ZDV
WH QRQWUDGLWL
WKURXJK DGY
VDIHW\ DQG
DUFKLWHFWXUHV
QJJRDOVRILQ
HQWDO LPSDF
VKPHQWVLQWK

UDWHG)OLJKW
LGV WR
LJKWHUWDFWLFD
ZLWK QHZHQK
KRUW WDNHRII
DQJOHRIDWWD
SXOVLRQFRQWU
 REWDLQ WKHV
OHSLORWZRUNO
RU GHVLJQ
DLUIUDPHHQJ
UDOL]HG FRQW
HOV(DFKFKD
LWKRXWUHVWULFW
GDWD FRPLQJ
DLUFUDIWV\VWH
RQWURO,QIOLJ
QVWDQWO\ PD
 WKUXVW LV
IWKHWKURWWOHL
HH[FHHGHGWK
RYHUULGLQJWK
H&RQWURO
H ) 0XO
DQG $GYD
PRGDWLRQ $
WHUHVW DW *5
RJLHV>@7K
LQJWKHV
SPHQW HIIRU
QFROODERUDWLR
KH UHVHDUFK
J PXOWLYDULDE
SURYLGHLPSUR
QJLQHV7KHQ
HQJLQHV FRQWL
RUWXQLW\ IRU D
HG DGYDQFHP
HQHG WKH
PSOH[LW\LQWR
LGHD RI XVLQJ
WR PD[LPL]H
XW WKH RSHUDWL
WR DFFHSW
WKDQ GHVLJQ
 DGGLWLRQDO
RQDO XVHV
DQFHG FRQWU
WR VWDUW IR
WKDW ZLOO
FUHDVHGHIILF
W 6RPH RI
HPLGV
3URSXOVLRQ&
 V WKH
ODLUFUDIWGHVLJ
DQFHG PDQH
DQG YHUWLFDO
FNSHUIRUPDQ
RO,)3&V\V
H HQKDQFHG
RDG
VWHSV DUH 
LQHPRGHOVI
URO GHVLJQ
QQHOPD\SUR
LRQ)$'(&
 IURP WKH HQ
PVSURYLGLQ
KWVPDOOFKD
GH WR PDLQ
 DYDLODEOH
VDGYDQFHGWR
HIOLJKWFUHZ
H)$'(&
WLYDULDEOH &R
QFHG 'HWHF
',$ SURJU
& LQ LQYHVWLQ
H&RQWUROVJ
ZLWKDPXOWL
WV XQGHU YDU
QZLWK$LU)
HPSKDVLV ZD
OH DQG LQWHOOL
YHGIXQFWLRQ
XPEHURIVHQ
QXHG WR LQFUH
GYDQFHG FRQ
HQW LQ FRPS
SRVVLELOLWLHV
 WKHFRQWURO O
 DFWLYH FRQWUR
 WKH DFKLHY
QJHQYHORSH
WKH VXERSW
SRLQWV EHJD
RSSRUWXQLW\
RI WKH HQJ
ROV WR LQFU
UPXODWLQJ HQ
KHOS PHHW
LHQF\DQGUHG
 WKH VLJQLI
WRHDUO\
RQWURO
 WUHQG LQ IX
QZDVWRZDUG
XYHU FDSDELO
ODQGLQJ 672
FH$Q LQWHJU
WHPLVUHTXLUH
FDSDELOLWLHV
 JHQHUDWLRQ
RUFRQWUROGH
FRQVLGHULQJ
YLGH
DOVR
JLQH
JIRU
QJHV
WDLQ
IRU
IXOO
KDV
QWURO
WLRQ
DPV
J LQ
URXS
WXGH
LRXV
RUFH
V RQ
JHQW
DOLW\
VRUV
DVH
WUROV
XWHU
RI
RJLF
O RI
DEOH
 DQG
LPDO
Q WR
 WR
LQHV
HDVH
JLQH
WKH
XFHG
LFDQW
VDUH
WXUH
V
LWLHV
9/
DWHG
GLQ
ZLWK
 RI
VLJQ
WKH
DLUIUDPHDQG
 SDUWLWLRQL
VHSDUDWH DLUI
2SHUDWLRQDO
VFKHGXOLQJ R
QRQOLQHDUGHV
IRURSHUDWLRQ
DVVHPEO\ DQG
IRU,)3&GHVL
WKH ODQGLQJD
>@ 'XULQJ
WUDQVLWLRQV IU
DHURG\QDPLF
V\VWHP JHQH
WHFKQRORJLHV
PXOWLYDULDEOH
GHYHORSHGDV
DQG $LUIUDP
VWXG\>@7
SUREOHP IUDP
XVLQJ+LQILQ
RI WKXPE IRU
WKHGHVLJQSU
SDUWLWLRQLQJD
KLHUDUFKLFDO
VFKHPH IRUF
UREXVWQHVV
FRQWURO GHVLJ
GHVLJQLQJLQW
ZKLFK JXDUD
VLQJOHDFWXDWR
VKRZVDSSOLF
WKH SURSXOVLR
GHVLJQ0DWWH

)LJXUH²,QWH
IURP0DWWHUQD
HQJLQH V\VWHP
QJ RI WKH F
UDPH DQG H
IOLJKW HQYH
I WKH SDUWLW
LJQVXFKDV L
DO VDIHW\ DQG
 HYDOXDWLRQ
JQIRUDFRQF
SSURDFKWRKR
 WKLV SKDVH W
RP IRUFHV DQ
FRQWURO HIIHF
UDWHG IRUFHV
WKDW DUH UHO
 FRQWURO G
SDUWRIWKH0
H &RQWURO ,0
KHVHDUHD
HZRUN IRU UR
LW\FRQWUROGH
 VHOHFWLQJ YDU
RFHGXUH 
FHQWUDOL]HGF
VXEV\VWHP FR
RQWUROOHU VFKH
SURSHUWLHV
QV DQG 
HJUDWRUZLQG
QWHHV FORVHG
U VDWXUDWLRQ
DWLRQRIWKHR
Q FRQWURO SR
UQDQG*DUJ
JUDWRUZLQGXS
QG*DUJ
 DV DQ LQWHJ
HQWUDOL]HG F
QJLQH VXEFR
ORSH H[SDQV
LRQHG VXEFR
QFRUSRUDWLRQ
  IXOO V\VW
7KH DSSURDFK
HSWXDO$672
YHU WUDQVLWLRQ
KH FRQWURO R
G PRPHQWV
WRUV WR SXUH
 DQG PRPH
HYDQW WR SUD
HVLJQ WHFKQ
HWKRGRORJ\I
3$&EDVHG
JHQHULFFRPP
EXVW FRQWURO
VLJQWHFKQLTX
LRXV IUHTXHQ
DV\VWHPDWLF
RQWUROOHULQWR
QWUROOHUV 
GXOLQJZKLF
RI FHQWUDOL]
 D PRGLILHG
XSSURWHFWLRQ
ORRS V\VWHP
$Q H[DPSOH
SWLPL]HG,:3
UWLRQ RI WKH 6
LVVKRZQ
SURWHFWLRQIRU
FRXUWHV\1$6
UDWHGV\VWHP
RQWUROOHU LQWR
QWUROOHUV 
LRQ WKURXJK
QWUROOHUV 
RI OLPLW ORJLF
HPFRQWUROOHU
 ZDV DSSOLHG
9/DLUFUDIWLQ
 IOLJKWSKDVH
I WKH DLUFUDIW
JHQHUDWHG E\
O\ SURSXOVLRQ
QWV 9DULRXV
FWLFDO XVH RI
LTXHV ZHUH
RU3URSXOVLRQ
,)3& GHVLJQ
DQGWUDFNLQJ
ODZ V\QWKHVLV
HVZLWKUXOHV
F\ ZHLJKWV LQ
SURFHGXUH IRU
GHFHQWUDOL]HG
 D VLPSOLILHG
KH[SORLWV WKH
HGSDUWLWLRQHG
 VFKHPH IRU
,:3JDLQV
 VWDELOLW\ IRU
 UHVXOW ZKLFK
WHFKQLTXHWR
729/ ,)3&
LQ)LJXUH
HQJLQHFRQWURO
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6KRZQDUHWKHUHVSRQVHVRIWKHDIWQR]]OHWKUXVW)*
WR D VWHS FRPPDQG DQG WKH FRUUHVSRQGLQJ IXHO IORZ
:) UHTXLUHPHQW ZLWK DQG ZLWKRXW WKH ,:3
:LWKRXW,:3GDVKHGOLQHVZKHQWKHIXHOIORZOLPLW
LV HQFRXQWHUHG WKH IXHO IORZ FRPPDQG FRQWLQXHV WR
JURZ EHFDXVH RI LQWHJUDWRU ZLQG XS $V WKH )*
FRPPDQGLVUHGXFHGWR]HURWKHLQWHJUDWRUWDNHVWLPH
WR ZLQG GRZQ DQG WKH )* UHVSRQVH LV GHJUDGHG
:LWK,:3DFWLYHVROLGOLQHVWKHIXHOIORZFRPPDQG
WUDFNV WKH IXHO IORZ OLPLW DQG JRRG )* WUDFNLQJ
SHUIRUPDQFH LV REWDLQHG ZKHQ WKH VWHS FRPPDQG LV
UHPRYHG $OWKRXJK ,03$& PHWKRGRORJ\ ZDV
VXFFHVVIXOO\ GHPRQVWUDWHG E\ 1$6$ LWV DSSOLFDWLRQ
WR FXUUHQW DQG IXWXUH DLUFUDIW FRQILJXUDWLRQV ZDV
SHUFHLYHGDVWRRFRPSOH[GXULQJLQGXVWU\HYDOXDWLRQ
+RZHYHU WKH WHFKQRORJLHV GHYHORSHG IRU SUDFWLFDO
DSSOLFDWLRQRIPXOWLYDULDEOHFRQWUROGHVLJQWHFKQLTXHV
ZHUH SHUFHLYHG WR EH RI YDOXH E\ WKH LQGXVWU\ DQG
ZHUH WUDQVIHUUHG WR LQGXVWU\ WKURXJK MRLQW VWXGLHV DV
GRFXPHQWHGLQ>@

,QWHOOLJHQW/LIH([WHQGLQJ&RQWURO
:LWK WKH GHVLUH WR UHGXFH HQJLQH RSHUDWLQJ FRVW WKH
LQGXVWU\LV LQWHUHVWHGLQGHYHORSLQJWHFKQRORJLHVWKDW
ZLOO DOORZ WKH HQJLQH DQG LWV FRPSRQHQWV WR RSHUDWH
UHPDLQ RQ ZLQJ ORQJHU WKXV LQFUHDVLQJ WKH WLPH
EHWZHHQ HQJLQH RYHUKDXOV +RZ WKH HQJLQH LV
FRQWUROOHGKDVD VLJQLILFDQW LPSDFWRQ WKH OLIHRI WKH
FRPSRQHQWV7\SLFDOO\WKHSURSXOVLRQV\VWHPFRQWURO
GHVLJQ HQJLQHHU DWWHPSWV WR JHW WKH PD[LPXP
SHUIRUPDQFHRXWRIWKHV\VWHPZKLOHPDLQWDLQLQJVDIH
RSHUDWLRQ 5HFHQW VWXGLHV KDYH VKRZQ WKDW VPDOO
FKDQJHV LQ HQJLQH RSHUDWLQJ SDUDPHWHUV VXFK DV
WXUELQH LQOHW WHPSHUDWXUH FDQ KDYH D VLJQLILFDQW
LPSDFWRQWKHGDPDJHDFFUXHGE\HQJLQHFRPSRQHQWV
ZKLOHKDYLQJOLWWOHWRQRHIIHFWRQHQJLQHSHUIRUPDQFH
*5& GHYHORSHG WKH FRQFHSW RI /LIH ([WHQGLQJ
&RQWUROZKHUH WKHHQJLQHFRQWUROV\VWHPLVGHVLJQHG
WRDFKLHYHWKHGHVLUHGSHUIRUPDQFHZKLOHPLQLPL]LQJ
WKH GDPDJH DFFUXHG LQ HQJLQH FRPSRQHQWV KHQFH
PD[LPL]LQJWKHXVDEOHHQJLQHOLIH

+LJK6WDELOLW\(QJLQH&RQWURO+,67(&
)RU DLUFUDIW HQJLQHV D VDIHW\ PDUJLQ FDOOHG WKH
³VWDELOLW\ PDUJLQ´ LV EXLOW LQWR WKH RSHUDWLRQ RI WKH
HQJLQH WR SUHYHQW LQFHSWLRQ RI IDQFRPSUHVVRU VWDOO
GXH WR LQOHWGLVWRUWLRQVFDXVHGE\DLUFUDIWPDQHXYHUV
RU DWPRVSKHULF GLVWXUEDQFHV 7KLV VWDELOLW\ PDUJLQ
UHVXOWV LQ D SHUIRUPDQFH SHQDOW\ EHLQJ SDLG HYHQ DW
ORZ GLVWRUWLRQ RSHUDWLQJ FRQGLWLRQV VXFK DV FUXLVH
(QJLQH FRPSDQLHVKDYH HVWLPDWHG WKDW EHLQJDEOH WR
DFWLYHO\ FRQWURO WKH HQJLQH WR VDIHO\ PDLQWDLQ ORZ
VWDELOLW\PDUJLQVXQGHUVXFKORZGLVWRUWLRQRSHUDWLQJ
FRQGLWLRQV FDQ UHVXOW LQ UHGXFWLRQ RI  SHUFHQW RU
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RSHUDWHG FORVHU WR WKH GHVLJQHG FRPSUHVVRU SHDN
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